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CIRCULATION NEAR TH: WASHINGTON COAST

INTRODUGTION

The area covered in this paper is a section of the Northeast
Pacific Ccean bordering the Jest Coast of North America between the
parallels of LL® and $1° North and extending 600 miles ssaward (Figure
1). The coast is movatainous and contribtutes considerable runoff tc the
gsea from heavy precipitation in winter anc the melting of the snow in
2arly summer. Two concentrated socurces of fresh water are the Strait
of Juan de Mxea and the Columbis River which drain large inland areae.
The Strait differs markedly from the river in that it is the mouth of a
large tidal buasin andi is deeper than 100 fathoms for a considsrable dis-
tance inshere. As a result of the tidal action, its 2ffiuent hss boen
congliderably sltared by mixing with the colc denper water.

The continental shelf, as measured by the 100=fathom contour,
extends about IC miles offshore near the Strait of Juan de Fuca and
narrews to abcut 20 miles both northward and southward. Peayond the slops,
depths increanss rradually e obout 2060 Tathoms. & numbsr of seamovnts
rise trom this aeere: water, but the bathyvmetry of only 2 few h&as been
worked out in any debel),

The climsto of tiw rasgion is preduminantly maritime with rre-
vailing soutrwesverly onsbore winds sccompranied by heavy precipitation
rom auiunm to sprinc. In summer. conaideratle air flow is from the

northwast and north nd little precipitation scours.



e circulation of Lhe Northeast Pacitic s predominantly
clockwise to latitude LOP North, piving way to counterclockwise south
of 50° Worth (Sverdrup, John®on and Fiemiag, 1946}, The colder wates
along the northern zeriphery of the main easteriy devirt in mideocean,
the <o-called Aleutian or Subarctic Current,, splits in an ill-defined
zone well seswara from the coast near 45° North, both orientation and
vosition of the zone of divergence varviry with the season. The northerly
arm, the Alaska Currert; recurves thre =» the 5uif of 2laskag and the
goutherly .irmy; the Cati“~rniae Current, ssts south well offshore at lower
latitudes, Uff the Washirgton and Urepor coasts in vinter, the Davidson
Current feerds water nerthward insivre. Tar rea studied, being an area
of divergeuce; is characterized by we.x und poorly dafined currents which
are =a3ily infMuencead cr terporally changirs wind patterns and local
ratigmevrie irregularities.

The me-auements to he reoorte: in +thle paper were carried
out with the Hegsass—an Vessel M,V. B =W td diring seven offshore cruises
in the sprirns nd summer rnienths of 1€52 arnc 1953, Secause of the antiei-
pated varfations o7 eurrents with time, determinations of 2irculation vate
terns bty dynamls topographies were su-olementea vy use of th: Jeomagnetice
Tlectro=Kinatograph., It was quickly discovered that tie L tter instrument
was me-osmrriro surrevts (or »ffects) verr mch ereater than tlcse from dynemie
topogravhies, anc saowing 3 rFotary variation with tima. In recent cruises
therefore, scveral 'ime studies have n2an n2de to Iiscaver the nature of
tte rotary variations,

-urther mrigance or the reality -7 the rotary variati-ns was

shtained Yv ilrect current measurements trvom in achor staticn an Cobh

"2-



Seamount, a soAmoun: rising very shaply from 1500 fathoms depth to within
16 fathoms of the surfacs, and loceted approximately 270 miles west of the
Weshirgton Coast (W3°-LS.5'N,130%46.3'W), The results from two such time
studies are Pressnicd in some detail.

Anfither sphere of activity has been a dhtailed investigation of
the outflows of the Strait of Juan de Fuca and ths Columbia River, particu-
larly the latter. 'he outflow of the Gclumbia has been itraced for over 200

milas seawand., The position snd structure of this long plume of less saline

water is of interes. as an indicator of offghore circulation and mixing,
and because of the possible influencs it may exert in direciing the salmon
which misrate to and from the river. '

The circu’.ation near the coast of Vancouver Island and the mouth
of the Strait of Juna de Fuca nas been discussed by Tully (1938, 19.1) on
the vasis of salinities and temperatures measired near the coast, often in
shallow water. The:e measurements as well as those of vermer (1926) made
from Swiftsure Lightship establish the direction of ocutilcow of ths Sirait
of Juan de Fuca as rorthwestward; very closn and paralleil to the coast of
Vancouver Isiand. Tully further shows the accummulaticsn of fresh water
along the coast due to the prevailing southwesterly winds in spring and
early summcr, with & gradual transition to a cendition of upwelling in a
narrow band alons tre coest under influence of ihe northerly winds of late
summer. He inferprets the resulting dvnamic topographies as representing
northeesterly flows close 46 the coast in early summer and a reversal in
direction in late summer. The latter {low, however, is overcome by the
generally northwesterly outflow of the Sti.alt of Juan de Fuea near the

mouth of ithe Strait. Similar conclusicns &3 to the seascnal shift in

3
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currenis were reached by Thompson and Ven Clave (1936) from drift bottle
experinents commenced about 80 miles of f the Canadian Coast. These authors
alsc relste the charge in direction of flow during the summer to a change
in wind pattern. Some dynamic sections along the coasts ¢f Washington

and Oregon are pres:nted by Sznds (1937), but these are too few in number
and too close to shore to correlate with the present work.

Farther offshore, the circulation off tho Canadian Coasi, has
been studied by Doe (1952) and Goodman end Thompson (1940} in two sections,
from tihe Struait of (uan de Fuca to Dutch Harbor, znd from the Strait of
Juan de Fuca to Haweii., Still farther offshore, the Carmecgie Cruiss Vil

Fleming; 15LS) esgt:blished the gross structure of the eastward flowiu:
Aleutian Current anc. the beginning of its separaticn into southeasterly
and northeasterly branches. Two or more sections have also been made by
Scripps Institution of Oceanography, the U, S. Fish and Wildlife Sevvice,
tlecironics Lavoratory; out the resuiis are unpublished.
Ta the coubh, Scrivis Institntion of Oceancgraphy have studied the ceastal
currents very inten:zively and their cruises hava occasionally come as far -

north as the Columbis River. Thus the detuails of ths circulation near

o~

ths Jashingbon Coxst ars 1itidie known.
With respect to the C.E:X., a5 used in areas of weak and poorly
defined currents such as this, there is little cublished. The interpre-
tation of the results 2s currents is in some qusstion, as is the "K" factor.
The apparently rctaiy curreat changes observad,; although indicated by von
Arx (1950), have not been carefully analyzed, orobably bsicause in areas of

high currenta they ere relatively less important. Oceanographers at

Seripps Institution of Cceanography are known to te working on ithis problem.

.,}_‘_
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for analyels of the rotarys current charpas irn the dear 3¢a, one mist
tum to the direct meastirements macie rom anchored vgaaels s the BLAKE
in West Indian waters (Pillsbury, 1691), ths 11 HAEL 34RS (Helland-
Hansen, 1930), the METEOR (Defant, 1932), the ALTAIR {Dsfant, 19k0},
and the AWALG HANSEN tEkman, 1953).  In all of these, the uncertain-
ties due to the metion cof the anchored vessels weaskens the validity of
the conclusions. However, rao%ar urrent changesy dc ogcur and these
chanpes a'marently contain comvonents o tidal and inertial reriocde as
well as random {luciuations. The exisieace of rotary currents of tidal
pericd in shallower water 1s wall ast. »listed, and Gustafson and Kullen-
kerg (1936} have iemonatrated ar xcel.ient =xamole of inertial rotations

in the Baltic.

WATER PHOPLHTIES AND GiROULATION

ts others rave swy'asted, ths horizontal gradients of Zempera.
ture and salinity may be generalizec in two representations, one ‘‘or
epring arnd 2arly swmmer and one *or late summer. The winter conditione
reve not heen studied. Figures 2 anc 3 show the horizontal distribution
of surface temperature anc surface salinity in April-May, 1953, thc -=ta
having been smoothed to eliminate local fluctuations. The riling up of
warm surface water alon? the coast of Vancouver Igland {8 evident.

?lgures L and < show the conditions in July, 1952. dHere the
breakdown of sprirp conditions ie tust bezinning to appesr. The watsr
which earlier increased 1in temperature sssantially up to the coast is

now showina a wide hanc of somewhat cuoler water near the aoaat. Ma

effact is more marked 1 vertical =ections or temperature are plotted;

dGa



PR AT Y RIS

57 o b

8y

e

‘emonstrating the decrease in thickness of Uhe surface water layer om
approacshing the coast. Close tc the mouth of the Strait of Juan ds Faca,
the ef'‘ect is accentuated at ihe surface orobsbly because of the mixing
processes of tidal low as well as the tendency of upwelld- - L.oper water
to dappear rar within the Strait,

“gures 6 and 7 {smoothed somewhat) show the conditimms in Sep~
tambar; 1953, farther scuth. Althourh not comoletely comparable with the
above data because of the 1 farent ar—as covered, there is still sur-
ficial evidence of upwalling in the region near the mouth of the Strait of
Juan ade fuca. Along the #ashirgton tloast south of the Strait, the sub-
surface temperature structure indicates the nressnce of upwelling whichy
however, does not reazh ths surfice op=2cauve of 2 hlanketing lay.r of less
saline water. This 1is espacially so ir the vicinity -~ the Columbls Mver
mouth where the surface waters flowir,: so-ward are rapldly reslsced by
river e°-lusnt, Aiwom the Crezon .cast sorth of the Columhia, low %empera-
tures characteristic of upwellin: are are.p gaparent at the surfxce.

Mgures © and 7 also show the first resulte cf s letailed study
of the Jolumbila River outflow. The plume »f water having a salinity less
than 32‘,0°/oo ‘g geen to extena over 200 miles to the gouthwest. #4ssoci=
ated with the lover salinity s o scmewhat hisher tenverature. e o
tion of the wake streamu is in itaslf evidence of tne generalis southerly
get of the currents in this reglor during the sumner. At tne veloclities
indicated bv ths dyramic topesramny for th: general area; the time re=-
gquired for the water to traval tc the outer limits of th- 32%/00 isomal
i8 o tha or«sr »f cne to twe months,; an: hence tne position v this limit

aatablishes s minimem vaiue 1'or the intepratec currerts Yor at l~ust this

period.

b



The processes of alxing in the wake sirsaw have not yet heem
examined. Howsver, there is scme intersst attachsd to the abrupt change
tn salinity ‘radient seaward of the 31.0%/0c0 iscsal. In essentially all
of the area betweon this and the next {scsal; the surface aalinities are
greater than 31.5%/co and mogtly zreater tnan 31.7°/00.

The :ynamic topograpvhias within 07 milee of the coast have
hgen quite conaistent in all the eruises a-alrzed. Since only Cruise No.
7 4r July, 1952, went as far of fghore as 600 miias, data from this cruise
e combined with a composite of all the others tc obtain a generalized
diazram for the arsa which is presented @ Mroure 8. The curves south
of 1,6%-30% are based orincipally upon data fros .ruise No. 9 in early
Saptember, 1952,

Appeariry; zenerally In all cruises are the lower dvnamic heights
to the west of about 130%, corresoordine tc northerly or northeasterly
flows of ¢ cm/sec or less. Com: charves in gradtent cccur in Aiffersnt
months but the general picture is iittle altered srceoni that the contours
seem to tel. more nearly northward ir the zuarly summer. as weuld be ex=
wacted from the metasrolozical conditions. Also aorearing in all! the data
18 evidence “or a deiicobion southwara of nertheasterly ficowing stream=
Tineg in tho area tatueen 128° anc 1305 anc 477 to L9°-30'N. The data
of Truise No. ¢ dindicate that this flmé contirmues southward alony the
Yashington Ccast and is ~robably responsiblc for carryine tie Columbla
ver water scut'wvard. These restlhs are consistent witl thos. of Doe

{1952)
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G.E.X, RESULTS AND TIME STUDIES

Early in tae investigations, it was discovered that apparent
currents measured hourly by msans of the G.E.K. along e cruise track
showed continual changes ip direction and magnitude,; suggesting the
rotary changes of tidal poriod observed at lightshipe. These currents
typlcally had peak values of 15 ~ 20 cm/sec and cccezsionalily as high as
35 cm/sec, the correction factor "K" fcr the G.%.K. being taken as
unity. To be contrasted with thsse are the velocitics below 5 cm/sec
determined from the dymamic heights. Tidal periods cculd be found in
the data by harmonic analysia, but the amplitudes were only about one~
fifth as great as tho chgserved peaks. Later it was discovered that
inertial periods weru present, with amplitudes of the ssme magnitude or
somewhat greater than those of tidal period. The inertial perivd in
this area is approximately 16 hours. The harmonic asnalyses of these
iata were interpreted with some reservations due to the fact that the
ship was rapidiy changing position and to the evident existence of appar-
ently random flucivsuicns of considerable magnitude,

In order to derive the residual non-fluctuating currents in
this gituation, the data have been caleculated as Lf-hour riming means,
L8 hovurs h»aing the least common multiple of 16 and 12 hours. If tidal
and inertial constituents are present, they should disappear in the
averages tcgether wish the greater part of those cf shorter and randae
periods. This is adnittedly & rather brutal treatment, as any Iiuctua-
tiors in the residual current are severely smoothed thereby. Howevoer,

it has served for the preliminary investigations,

B



A serious disadvantage is the Tact that the ends of a contimi-
ous zeries of observations may be approached within only 24 hours by ave
eraged results; and hence any lengthy break in continuity of the data may
leave large yaps in the results. Twenty-four hour groupings also havs
heen tried and are found to vemove moat »f the [luctuations and leave
smaller zaps, It is oreterred to use L8-hour means where nossible, how-
ever, sincs the reaults will be less ambiguous,

The results of such a wreatment to the data of Cruise No. 7
are shown in Mgure 9, The largs gap in the Jata on the northern leg
of the cruise is iue to the break in continuity occasionsd by a short
storm, Twenty-four aonr means, hcwever, show the residual cur:unts
setting south to scuthwest throughcut wat »f the northern lep with velo-

-~

cities of the order of § 4o B cm/sec. A ccmparison with Flrure ' shows
scme gimilarity cf G.E.K. means to the lynemic heights along 48%-30'N
but none wnatsoever along SO°~30’N° The current pattern is also intern-
ally inconsistent; requiring the -xistence ¢f a region of convergence
within the area surveyed, an Improbeble situation., [t appears evident
therefnre that the G.E.K., in thi¢ region, loces not alwa*s ‘wasure the
long=term 3verase flowe asscciater with the Jistrib.tion of mass. The
converse might be true ir regi-ns whare s*r nger currents are found.

It is nostulated therefore that the surrents measured are
shallow wind-~driven currents cof short amration. To test this hypothesis;
average wing vectors have been nlntted alon~ the ccurse. Thers is reason-
able correspondence siong h8°-30' aggymin- the regsultire Tlow to s 1s°
to the right of the wind and laggin: 1t ry = Yew hours. in the northwest

corner of the swurvey. there appuars to o= ar lucenaistency. However, the

-a.
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aoTtiwest Btorm which asneared two lays later at about 130% longitude
may alresdy have been driving water well ahead of it. Along 5C%-30¢,
the agreement with 2h=horr aversge currents {(not shown) is g20d,

These results showed the necssslty of wmakins time studles
with the G,8.K, The "irzt stadies, hecun in Jene,; 1952, were sbout one
dav in lansth and weee maca by steanir - “ack and *forth over an 8« t»
16-mile coursa, obta'niny 1.E.K. fixes enro:te, Hydrograzhic stations
to 1,6 noters "entr were ocennies at intervals of 2 to 12 hours In the
several eaxperimenta in ar atte~ot to correlate the resuits +ih the dymanic
neizhts. Rotary chaneee in current dire:tiorn were reali{ly lencncbratod,
but twenty=7Tour hour rerioda hire too grord far etrzitbive harmonlie omelysia,
T4o axreriments of 3 to L Jjays! juration .ere therafore nrje in Jume and
Aumsty 1933, Crulses No., 2% and 31, rescectively.

in Sruiss No. 29, the ship stecired backwars anid “orwars two
hours! iy on reciprocal hedin 3, taking G.h.h. fines every hour %ogether

with other nata. PFositicons were 7ixed treqnently o Loran, ernd avuromraphic
stationa were occunri=! about svery 12 heurg, Sceme 3'lucee n enuipment
heing aros Cor cornliary weasaremcnte cguted gsewersl arclasteably lsrge

2378 In the lata, bt the sesuise ape onlv oa 1ittle leass zoosiatest tharn

thoae to = npeesconte: nolow.

inderise to. I, Bhe aredats cfap owas v T fe g ooal arhes
by Mo, Jemesh Hedd o eripgs inatih ef G tdeearnnegity, oo G et hne

ship steanFo square: o boe s nta oo tend gy essh 2loe ade
aproximately T miriea! rone fhiz a Mx *s cotatred every 7 ontmiesg
Lhope waing <ere int opropanaence i btee neasurements Tooang: encll atum

ertere Ipte twe iue grd twe z2aro cete v ablons. o ned v e pend

T
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expariments of this iype in which he has gimltansously folluwed a freely
drifting buoy (perscnal communication). An attempt to do this with an
improvised buoy and drag was abandoned after the buoy iost its drag and
was itself nea~iy lcst at night during & radar failurs.

The rasults of this experiment have been expreased as north
and east componerts of velccity and are presantsd in Flgurs 10. K has
been assumed to be unily and corrections have been nsde i'or electrode
droop. The resuits are surprisingly ccnsistent and hevs given rise to
a renewed belief in the reality of C.E.K. mensurements. The 16-hour
inertial perisd is evident by visual inspection. Much of the distortion
is due to other comronents,; principally the semidiurnal., Some smoothing
has neen practiced wvut there is difficwlty in deciding which fluctuations
may be i«al and which due to experimental uncertainty. Dkre to the inter-
dependence of separate fixes, errors often appear symmetrically in alter-
nate or adjacent »nints., Moreover; in some cases the rscord can not be
internretad mere scocurately than severai tenths of a millivolt.

In correlation with this experiment; an anchor stution was occu-
pled for the preceding three and one-helf days atop Cobb Seamount (fea Fig-
ure 8). Here currunis were muasured at 20 meters deoth with an Ekman cur-

nt meter every 30 minutes; and temperature structures were measured
hcurly by bathythermograph. Bathythermograms were alsc obtalned hourly
during the time study with the G.E.K. Three hydrographic stations wers
occunied at corners of a 30-mile square about the seamount to obtain
dynamic heights for somparison. The time study with the G.E.X. was per-
formed in depths ranzing from 1,500 to %00 faihoms and tatween 30 and

1% miles northwest of the seamount. The ship drifted south during the

periocd,
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The 4irect current measurements 4lso show rotary chanjes con-
tainicg tidal and inertisl componants. The basic porieds are less wall
defined becauss of the motions of the ship, oIt these motions are small
comzared to those of 5 ship anchcred in deep water. It is assumed in
thase two experimente that there stould be s me zimilarity in the currents
on 3 sharp iso0lated seamount to thosc ia the adjacent deep water. On the
other hand,; consldcrable Jistertion near the scamount would not he sure
orising,

The results o7 harmonie anaiyais e ziven in Table I, for
both the tirect meaar-rements anc the 2.E,X. Only the 16- and 12-hour
components are consti lared of prirmary imosrtance, bt the hizher harmonics
are presonted to supgzest the masnitude o° the gmnlitudes which could re-~
sult Trom random late in a feries of this lenpth, The contribution of
sach constituent iy asswmed to he 2xpressed n the form

v, % ¥, cos (8 - K,/

n n
= = - %\
L Ve z08 (6 K.z,

n

St i

where and '.'e arc the instantanecus values of the north and east compo-

nents of velocity, Vp and Vg are the corresvonitny amplitudes, 8 is the

time angle f the constiiuert snd £ ana Ky are the local epochs, the

negative oY tne conventinonal phase airle, L origin of time tsing the
time of local lunar transit on the T rst 12y oY the ancher 3tation.

ir KgnKl exnressed 3s 3¢ rle lesy than 180° is ~ositive, rotse-
tion of the carreat ve:hor with time i¢ clockwise. Ir narticvlar, if X

Ky = 90° ana Wy = VY, the current hodograr “or tne constitment 18 a cirele

Treoret ically, circular zhanzes >re b0 ve <nvacted n the inartial come

ponent an |l generallyv elliptical cnunres . Lue tidlal component.

A

TP L.
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It 1s evicrrnt that ol ¢ fae motion i« aceminted a1 hy inartial
300 sgemidiwinal) conatityents; the "wmer preponderating. The diurnal con-
atituent is probably of signiricant magritude, it the others are question=-
able. he mhage “i7“arerca batuaen north anid east eomponents in these
thres constituents corresucnds Lo 2locwise rotationsy; as would be expected
from the -leflectirs forca of tne 2arth's rotaticn. In the inertial con-
stituent, 1t i veory -early 909 fap hoth tre direet meadurements ~nd the
GoEsKa Im the 3,.%.K. regulis, tr- two avmlitiles are csaentially the
9ame, which gatisfiss the ~ondition “cr eircular rotat:on. Furtnar de-
duectiona fron t¥2 phase relatiecns i1l he attemptet at 3 later date, The
amplitude of the semicdiurnal constiturnt or Cobb Scamount s about 1S ver

cent .esz tran the G.E.K. rasilits, stifch 12 the sure as the chanre 1n the

mean i1a) rante 2t Astoris -“urin  tro two nerioda, The chanza in the

>

inertial comnonent may ariss “rom 4n increagé ia averare wint velocity
rror avout © to 20 knota over the sume oceriod.

Trhe wasults of the tire stua- ‘n June; 1953, are showr in Tablc
Ii. Alithourh the samplitudes ave smailer, tt2 relative importance oY the
16= and 12-hour ccnstituants is 9. ~srted, This cxreriment .a< carried
out 1t 48%02°N, 130°-29'Wy anc by chance durdng the time study, the ship

drifted sver snc charted ¢ nes sasacunt Tisity 6 & least tepth of ?28G

=

ruthoms. This shallowing o the saucr may nuavs hao anme - Ttect upon the
G.E.K,

The nossibility exis*ts that internal waves 5f ti:al snd {rertial
—erl~-" mive rigc te the cgrrents ¢ affacts ene red ny the J.bk.K, TInis

ros ocean 1arestt ated hy a sty i 0 bhe Mithythermorrams Holue Lo 1wtk

v .

of 1hG fopt prete s tnz bime shnay ef i orae No. 31, inbernal ymves ceanr
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with amplitudes of the crder of 2% feet bul with certods poorly definsd.
Visual examinabtion suspgests sbx-hour and two-hour perisis rather than
those of twelve or sixteen hours. It is felt therefore thal these in-
ternal waves are not a determining influence on the G.E.K. results, mut
that they nessibly accownt for some of the aberrations and short-period
constituants,

in Taople T(I, the averarse resi:tnzl currant =alculated from the
three tine studies 13 compared with the dimamic topograchies and with the
approximate drift c¢f che shin as determinec by ieviatieans from the courses
run, measured by loran Tixes. in Sruise No. 29, the G.E.K. compares well

with the <rift of the chip but aot with

e

sz -iynamic topograpiiies. This
was in a verioad of Lisght windy in which the ship misht be exnectieod to

move wivi the water, I1g Orui.e We. 31, there is little agreemuni. possi-
bly becauge the winls averaged 20 knois from the naorth. Howsver, the
direct cnrrent measirenents compare favorably with the dymamic topogrephies
close to the seamount Fartrer away, th2 velocity anid direction derivaed
from the tepographiee are extremel; ancertain and are not shown, In seems
wall sstahlished therefore that the rotvary chanses observed by tie CG.E.K.
in 2eep water have tleic counterpart w the direct measuremanis of cur-

rents:

CUSLUS [unS AND SUMMAIY

The water vircn:ation ofY the <oasts >f Vancouver lsland, iash-

ington ard Crogon ir late ool ard summer has Teen stu tleq By mcans of

LK. A meture (s nraesented which fills s

[o9]

dynamic toporrannies ani the

previously existing gag in the in*ormation for tha central ares. The

o
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relatively flat dynemic topogravhy is espscially sensitive to transient
ccditione and experimental error. Nevertheless, the topographlies con-
sistenily show a weak northeasterly circulation at 5 cm/sec or less, part
of which 13 deflected southward off Vanccuver Isiand t¢ countimue along
the coast past 4S° Worth. This clrculation pattern is consistent with
previcus work in the adjolning areas, ancd with the assumed divergence

of the Alentian Current beginning well offshore arcund L5 Worth.

The G.E.K. has been shown tc measure apparent currents which
rotate in direction and fluctunate in intenslty. The peak flows are of
the oFder of 2U-35 cmysec which is several times greater than the ast
flows. The rotations contain semidiuwrmal snd inertial constitusnts,
the latter opredominating.

A time study in airect measurenent of currents con Jobb Sea-
mount; 270 miles o“fshore; has t=en compared with a similar time study
with the C.E.K. in the aljoirin- deep water. Harmonic analy=is of the
North and Ezst components of welocity has producea amplitudss of 7-iX
en/sec for the semidiurnal constituwents. The relative differenceas are
the same as the corresponding changes in che mean tidal rangs at Astoria
during the psriod of the memsurcments., The amplitudes of the inertial
constitusnt were § and 13 cm/sec in one casa and 22,5 cw/sec in the
other; a difference ascribed tc an abrunt chapge in wind velocity.
Another time study with the G.E.K. showed similar resulis, but smaller
amplitudes. The combinsd reguits sugpest that the currentes being
meugured vy the G.E.K, are rsal. This conciusion is supvorted by the
oublished resuits of curvent measuremants at several leep-sea oncher

stations which snow similar variations.
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Tha ret cvrreats oltained ny avaravin. ihe 3.E.K, remlts show
little ~orrespordeance with tnose indlcsted by dynamic tonographies. Tre
“ormer protably repreasent short-term asurface currents due to thg wind,
shereas tha iynamic topograrhies repres it inteprated erfoets over longer

p‘3r1('(i~ °

<

-rosoncluston, it 98 2ueste

o
-

that progrese in the interpre-

taticr ¢ currente ip this arves reiulress 2 Totter insight into the cause

and natrre oY the tracgiant survants.  Tre G LK. shoula be usethl in
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$p but mist me further soaluated ‘r terms of iirect measure-
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by
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I cm/sec op
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Gruise No. 2%
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Lynamic Topography 3 055 _ |
orift of Ship < 155
Sruise No, 31
Jirect leasurement —- LS 095
G.E. K. 3.6 270
Topegraphy
o G.E.K, Position ? . ?
brift of Ship 10 173
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FIGURE 1.
CHART OF THE
NORTH PACIFIC OCEAN
SHOWING AREA STUDIED
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FIGURE 6.

BROCWN BEAR CRUISE NO.33
2-13 SEPTEMBER 1953
HORIZONTAL DISTRIBUTION
SURFACE TEMPERATURE °C
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FIGURE 7
BROWN BEAF CRUISE NO.33
2-13 SEPTEMBER 1953
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